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Pedepar:

1. BacToCOBaHO P, HOBUX METOAUYHUX MiAXOMAIB 10 aHaJIi3y 3MiHM CTPYKTYPU CYCIIEH3I] Iif, [i€10 3CyBY.
Po3po6s1€HO MeTO HOPMYBAHHSI CTYIIEHIO TUKCOTPOIIii /POIEKCii Ta MaTEMaTUYHY MOJEJb IJIs1 PO3PAXYHKY
PO3Mipy rigpokiacTepis. BCTaHOBIEHO 3aJ1EXKHOCTI MK CKJIaZIOM CYCIIeH3ii (BMiCT IIOPOIIKY, II0JliMePY-3B'513KH,
nactu@dikaTopy Ta po3uMHHUKY) Ta pO3po0JIeHUMU [TapaMeTpaMu Tedil, 1[0 ONMUCYIOTH ii CTPYKTYpy. BcTaHOBIEHO

3aJIEXKHICTb MK TapaMeTpaMHU Tedil cyCcneH3il (HOpMOBaHUM CTYIiHb TUKCOTPOIIii /peonekcii, koedilieHT n,



edexTrBHA B'3KiCTb Ta PO3Mip TiIpOKIACTePiB) Ta BIACTUBOCTSIMU (TOBIIMHOIO i MOPCTKICTIO IOBEPXHI) OTPUMAHUX
3 HUX I1JIiBOK. BCTaHOBJIEHO M1iana3oH ckjaay KOXKHOTO KOMIIOHEHTY, IO JT03BOJISIE OTPUMATH CYCIIeH3il 3 6a)KaHUMU
rapameTpamu Tedii, SKi yTBOPIOIOTH ILIIBKY 3 HU3bKOIO TOBLIVHOIO Ta IOPCTKICTIO IOBEPXHI. [I7151 BCTAHOBJIEHHS
OTITUMAJIbHUX PEXUMIB JIUTTS po3p06JieHi MaTeMaTU4YHi Mofieti 3a71e’KHOCTi TOBIMHY IIJTiBKY Bifl B'SI3KOCTi
CyCIIeH3il Ta [JIs1 PO3PaxyHKy I'PAHNYHOI IBULKOCTI 3CyBY, ITiCJISI LOCSITHEHHS SIKOI [I0YMHAETHCS 3aryIIEHHS
cycrneHsii. BcTaHOBJIEHO 3aIe>KHICTh MK TEMIIepaTypolo CyCIleHsii Ta BJ1aCTUBOCTSIMU IJIiBOK. Briepiue 3agikcoBaHo
Ta BUKOPUCTaHO (PEHOMEH OTPMMAaHHSI IJIiIBOK HIXKUYOI TOBIIMHYU 3 OXOJIOJKEHUX CyCIIeH3iil. BcTaHOBIEHO, 1110
oxoJsiomkeHa 1o 5 °C cycreHsid mif Iieo 3CyBY pO3piIpKy€eThCs Oisbile, BifHOBIIOE B'SI3KiCTh 10 3HaY€Hb MEHIINX 3a
[I0YaTKOBI Ta Mae 6inbInii yac ii BifHOBIeHHs. lle Bka3ye Ha 30aTHICTb 10 fedopmaliii CTPYKTypHUX €JIEMEHTIB, 1110
MOXKe 30epiraTucst TpUBaJIMH yac Ta [0 nepebyioBU CTPYKTYPU CyCIIeH3ii BHACIIOK OXOJIOIPKEHHS Ta [Iii 3CYBY.
BcTaHOBJIEHO, IO /111 OTPUMAaHHS IIJIiBOK 3 MIOPCTKiCTIO MoBepxHi (Ra) o 15 HaHoMeTpiB Ta ToBmKHOW 500-200
HaHOMETPIB METOJOM IJIiBKOBOrO JIUTTS (110 B 5 10 pasiB MeHIIe TOBLUIMHYU TPOMUCJIOBUX aHAJIOTIB) CJIifL
3aCTOCOBYBaTH cycreHsii B'sa3kicTio 200 1000 mIla-c (mpu 0=800 c-1) 3 peonekcHum turom Tedii (T /R dgr norm Bin
0,72 no 7,06), koediuieHToM n 6113bKUM 110 opuHuUL (n Big 0,94 mo 1,08), oxonmomxysaru ix no 5-10 °C ta nigpasaru
MIBUJIKOCTI 3CyBY Bif, 917 1o 5392 c-1. 3a 1OnMomMorom BCTAaHOBJIEHUX 3aKOHOMipHOCTe! 6y cpopMOBaHi IIJTiBKY 3
nopoukiB BaTiO3 ta Ni/NiO ToBmuHo0 430 HM, 3 IKUX METOJIOM i30CTaTMYHOTO IIpecyBaHHs OyB 3i6paHuil
GaraTouapoBuii KoMmosur. Ilicis cnikanHg npu Temneparypi 1200 °C, 6yB OTpMMaHMM KOMIIO3UT 3 LIiJIBHUMU

mapamu BaTiO3 ToBuuHo10 400 HM i po3mipom 3epeH 50-100 HM.

2. This study applies several new systematic approaches to analyze the change in suspension structure under
shear. A method for normalizing the thixotropy/rheopexy degree and a mathematical model for calculating
hydrocluster size has been developed. Dependencies between suspension composition (powder, binder polymer,
plasticizer, and solvent content) and flow parameters describing the structure were established. Relationships
between suspension flow parameters (normalized thixotropy/rheopexy degree, flow behavior index, effective
viscosity, and hydrocluster size) and tape properties (thickness and surface roughness) were established. The
study determined the composition range of each suspension component to obtain the desired flow parameters,
enabling the casting of tapes with low thicknesses and surface roughness. Mathematical models were developed to
establish the dependence of suspension viscosity on tape thickness and for the shear thickening limit shear rate to
determine casting regimes. The relationship between suspension temperature and tape properties was
established. For the first time observed and used the phenomenon of obtaining thinner tapes from cooled
suspensions. It was found that suspensions cooled to 5 °C exhibited stronger shear-thinning, restored viscosity to
lower than initial values, and had a longer viscosity recovery time. This indicates the ability of structural elements
to deform, preserve a new shape for a prolonged time, and the ability to rebuild the structure of the suspension
through cooling and shear action. The study established that to obtain films with a surface roughness (Ra) lower
than 15 nm and a thickness of 500-200 nm using the tape casting method (5-10 times less than the thickness of
tapes produced by this method in the industry), rheopectic suspensions (with a T /R dgr norm ranging from -0.72
to -7.06), with flow behavior index of approximately 1 (n ranging from 0.94 to 1.08) and a viscosity of 200 1000
mPa-s (at =800 s-1) should be used. These suspensions should be cooled down to 5-10 °C and subjected to a shear
rate ranging from 900 to 5392 s 1 during casting. Based on the established principles, tapes with a thickness of 430
nm were cast using BaTiO3 and Ni/NiO powders, and a multilayer composite was formed using the isostatic
pressing method. After sintering at 1200 °C, a composite with 400 nm thick, dense layers of BaTiO3 and a grain size
of 50 100 nm was obtained.
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